All peptoids were synthesized on a commercial Aapptec Apex 396 robotic synthesizer on using a solid-phase submonomer cycle as described previously.
mass spectrometry are shown below. The following monomer abbreviations were used to name the sequences: Nce: N-(2-carboxyethyl)glycine NXpe: N-[2-(X-phenethyl)]glycine Nab: N-(4-aminobutyl)glycine (Nce) 6 (NXpe) 4 (Nce) 6 (Nce) 6 (NXpe) 4 (Nce) 6 (Nce) 6 (NXpe) 4 (Nce) 6 (Nce) 6 (NXpe) 4 (Nce) 6 mol) were mixed with 1.5 mL in deionized (≥18 MΩ) and filtered water (0.2 m) water in glass vial, and 10 l saturated (NH 4 ) 2 CO 3 solutions were used to facilitate dissolution. The final concentration of peptoid stock solution was 2.0 mM.
Crystal growth experiments
Crystallization of CaCO 3 was performed by slow diffusion of (NH 4 ) 2 CO 3 vapor into 96-well plates in which each well has 190 L of 5.0 mM CaCl 2 solution and 5.0 L of 2.0 mM peptoid stock solution (Final peptoid concentration = 51.3 M). For peptoid competition assays, 5.0 L of two different 2.0 mM peptoids were added, each peptoid has a final concentration of 50 M. For experiments about influence of peptoid concentration, 15.0 L of 2.0 mM peptoids were used to make a final peptoid concentration of 146 M, 5.0L of 0.1 mM peptoids were used to make a final peptoid concentration of 2.5 M. For control experiments, a similar volume of water was added. The 96-well plate was placed in a closed desiccator cabinet with one glass bottle of ammonium carbonate (~ 0.75 mg) for about 16 hours. The overgrowth experiments were incubated for another two days. All crystallization experiments were repeated three to five times. Crystals morphology were studied by optical microscopy (OLYMPUS, CKX41) or scanning electron microscope (FEI, HELIOS).
Determination of hydrophobicity of peptoids by reverse-phase HPLC
The relative hydrophobicity of peptoids was measured on an analytical reverse-phase HPLC (5 -95% gradient at 1 mL/min over 30 minutes at 60˚C with an analytical C18, 5 μm, 4.6 × 150 mm Vydac column). For comparing the relative hydrophobicity, diluted peptoid solutions were injected into a same analytical HPLC column. The resultant longer retention time indicates the peptoid with higher hydrophobicity.
In situ AFM study of the calcite step growth The dependence of molecular step speed on peptide concentration was measured by using in situ AFM to image growth on the {104} face of calcite in solutions at a fixed supersaturation, , of 0.14. The supersaturation is defined as  ln( Ca 2+  CO3 2-/K sp ), where denotes the species activity, and K sp denotes the equilibrium solubility constant at 25°C. This supersaturated (= 0.14calcium carbonate solution was made by directing mixing 10.5 mM NaHCO 3 with 0.34 mM CaCl 2 at equal volumes.
Natural calcite crystals were cleaved to produce fresh {104} faces as substrates for calcite growth. Calcite samples were used immediately upon cleaving after a brief cleaning with a nitrogen jet to remove any debris. Growth solutions were prepared immediately before use from reagent grade calcium chloride (CaCl 2 ·H 2 O), and sodium bicarbonate (NaHCO 3 ) dissolved in deionized (≥18 MΩ) and filtered water (0.2 m).
During calcite growth, the steady-state morphology of atomic steps was imaged at constant supersaturation (= 0.14) for all peptoids at various concentrations. Using established methods, calcite was overgrown onto the surface of a calcite seed crystal in an AFM flow-through cell (50 l) that continuously supplied the input solution at a rate greater than 30 ml/h via a syringe pump. These flow conditions insured that calcite growth was reaction and not transport limited as demonstrated in previous studies. 3 Measurements of step speeds were conducted at room temperature with a Digital Instruments Nanoscope III or V(Veeco, Santa Barbara, CA) operating in Contact Mode. The AFM images were collected by using scan rates of 5 -20 Hz and a resolution of 512 × 512, while minimizing tip-surface force interactions during the flow-through of the growth solutions to minimize artifactual effects on step edge morphology and measured velocities.
AFM-based dynamic force spectroscopic study of peptoid-calcite interactions
Microlever Si 3 N 4 AFM tips (Bruker, MSCT, CA) levers D or E were used in all experiments. The tip cleaning and cross-linking were done by using a similar method as described previously. 5 Bare tips were first cleaned using a Plasmon cleaner for 20 seconds. These cleaned tips were immediately used for coating: they were coated with 4 nm Cr followed by ~20 nm Au by thermal evaporation. These coated probes were further Plasmon cleaned for ~30 seconds before they were immersed for 20 minutes in a anhydrous methanol solution containing 10 mM of the heterobifunctional cross-linker LC-SPDP (Thermo Scientific) consisting of a pyridyl disulfide, which adsorbs to Au, and an N-hydroxysuccinimide (NHS) ester that reacts with the N-terminal secondary amine of the peptoid to form an amide bond. After rinsing well using anhydrous methanol, the tips were immersed in 2.0 mM aqueous solution of peptoid (pH = ~8.5) over night. Functionalized tips were rinsed well with pure water prior to use.
Force measurements between modified tips and freshly cleaved calcite {104} surfaces were performed under an aqueous solution at approximately equilibrium saturation with the calcite crystal. Measurements were made with the MFP3D Atomic Force Microscope (Asylum Research, Santa Barbara, CA). To account for any surface heterogeneity, a custom routine was used to randomly sample points on the surface to give a representative average. A constant approach velocity of 200 nm/s was used for every pulling velocity studied. A 2-3nm deflection trigger was used to contact the surface and dwell for 1 second before pulling away.
AFM-based measurement of friction forces for peptoids to interact with calcite {104} steps
Natural calcite crystals were cleaved with the similar protocol described in crystal step growth to expose fresh {104} faces as substrates for friction force measurement. The friction force measurements were performed by contact mode using the Pep-28 (no acceleration on step movement) and Pep-14 (acceleration on step movement) decorated tips on a Digital Instruments (Santa Barbara, CA) Multi-mode AFM with a Nanoscope 8 controller. The newly cleaved calcite {104} face was immersed in supersaturated solution with equal volume of 10.5 mM NaHCO 3 and 2 mM CaCl 2 for 20 min to induce the formation of hillocks. Afterwards, the supersaturated solution was replaced by a less supersaturated one with equal volume of 10.5 mM NaHCO 3 and 1 mM CaCl 2 for step movement and the friction forces was measured at the locations both with steps and terraces. The value of cantilever spring constant is determined by deflection sensitivity and thermal fluctuation measurements 6 . The friction force is proportional to vertical load and friction coefficient. The friction coefficient can be determined directly by measuring the slopes of the voltage versus piezo-distance curves in the constant compliance regime, without having to carry out a full force analysis 7 . The measured slope difference between loading (piezo-extension, approach) and unloading (piezo-retraction, withdrawal) is due to the fact that the friction force changes sign on the two branches, and the hysteresis combined with the geometric parameters of tip can be used to determine the friction coefficient (see equation 23 in ref S7 for detail). The friction coefficient of Pep-28 and Pep-14 is determined to be 0.39 and 0.32. The fiction force mapping is constructed based on the calculated friction coefficient, the spring constant and deflection. It should be pointed out that the friction force difference between step and terrace is depended on the binding affinity of peptoid on the stepped face. These friction force difference was determined for Pep-28 and Pep-14. 
